Regarding 21* Century Content Standards for Science and Engineering in
Virginia’s K-12 Curriculum — Report of the Engineering Panel

Prepared by:
James G. Batterson

Special Assistant on Loan from NASA to the
Secretary of Education in Virginia

August 2007



Contents

ACKNOWIEAZEIMENLS.......ccuviiieiieieeieieeriee it ese st e st e st e e ae e e sseesbeebesseesbeesssessbesbessessasnsnenns 2
EXECULIVE SUMMATY ....viiiiieiieeieiiieeteete ettt et et s s st e sbe e e s s e e sareesaneesasaessasaens 4
Introduction and Background ..........c..cccoviiviiiiiniriiiinicicercceiee e 7
Philosophy for Team Membership..........cocceoeeviriiiniiiniiienenteeereeeeceneeee e 10
Preparation fOr MEETING .......ccovieeerieiiienieeceeeteeteesie et ese et es e e sessaeesaaessbeesaesaseessesssesssaensnens 11
MEEtNG AGENAA........eiiieiiiieiieetete ettt ettt s e st b e s bt s be s b s b e re e ane s 14
RESUILS ...ttt sttt st ae e 15

Appendix A — Short Biographies of Panel Members

Appendix B — A Compendium of Pre-meeting Reading Material



Acknowledgements

The successful conduct of this panel was in a large part the result of contributions from
numerous people and organizations with a strong interest in K-12 education. In
particular, the author thanks the following people and organizations for their
contributions to this project:

National Institute of Aerospace (NIA): As a part of their outreach program, Executive
Director, Dr. Robert Lindberg eagerly made the NIA facility and support services
available to all three panels. The excellent facilities and support personnel, Ms. Shannon
Verstynen, Mr. Larry Battle, and Ms. Lara Hawthorne, allowed the panels to focus
seamlessly on the issues at hand.

Hon. Charles Sapp: Dr. Sapp volunteered his extensive professional expertise as a
facilitator to develop the agenda for each panel and keep the focus of the group.

NASA: The National Aeronautics and Space Administration provided the author’s time
with the Office of the Secretary of Education to prepare for, conduct, and report on the
panel results.

Office of the Secretary of Education for the Commonwealth of Virginia: Secretary
Thomas Morris and Deputy Secretary Judy Heiman provided office space, extensive and
unique corporate knowledge and memory, and their network of education specialists to
support this project throughout.

The Department of Education: State Superintendent of Public Instruction Dr. Billy
Cannaday made his staff available to answer many questions and provide information on
the Virginia curriculum. A particular acknowledgement should go to Mr. George
Willcox for providing information on the engineering and technology programs in Career
and Technical Education.

Ms. Leslie Beimler of the Advanced Planning and Partnership Office at NASA Langley
Research Center was responsible carrying out the arduous task of preparing and shipping
final copies of all preparatory materials and agendas for the three panels.

And last but not least all the panel participants and their organizations which allowed
these highly skilled professionals two days away from their primary jobs to carry out this
work. The Engineering Team members and their organizations are:

Dr. John Bean University of Virginia

Mr. George Biallas Department of Energy — Jefferson Lab
Dr. Charlie Camarda NASA — Johnson Space Center

Mr. Alan Dean Naval Surface Warfare Center — Dahlgren
Dr. Doug Dwoyer NASA — Langley Research Center

Mr. Roger Hunt Jamestown High School

Dr. Bob Kolvoord IMU



Dr. Bob Lindberg

Mr. Matt Miller

Dr. Marie Paretti

Mr. Jerry Robertson
Mr. Marty Rothwell
Ms. Cheryl Simmers
Dr. Mohammad Takallu

National Institute of Aerospace
Micron Technology Virginia
Virginia Tech

ODU

Chantilly Academy - Fairfax
Appomattox Governor’s School
Lockheed Martin Mission Services



Executive Summary

Three panels of practicing scientists and engineers were assembled in the Summer of
2007 for the purpose of reviewing the current Virginia Standards of Learning (SOL) in
physics and chemistry and Virginia’s K-12 program in engineering. Members of the
panels were drawn from university physics and chemistry departments, schools of
engineering, government research laboratories, and industry from across the
Commonwealth. This diversity of membership provided background at all technology
readiness levels from basic research to technology and development to manufacturing
and operations.

The panels did not focus on advanced science content but rather were asked to answer the
question: What are the physics (chemistry/engineering) essential content to reach 80% —
90% of all high school students to help them become productive citizens in the 21
Century? Or: What is the essential physics (chemistry/engineering) knowledge that
citizens should have to understand the world around them, to make decisions on
political questions that more and more involve understanding of science and
technology, to triage and understand the plethora of news and information that is
available by the current World Wide Web and will be available on the next
generation Internet?

This is the final report of the Panel on Engineering which met at the National Institute of
Aerospace in Hampton, Virginia, June 5-6, 2007.

Four weeks prior to the meeting, panel members were provided materials on proposed
national science standards, including those developed by the National Research Council
and Project 2061 of the American Association for the Advancement of Science, and
information on a selection of K-12 engineering programs that are in use nationally.

After working in facilitated sessions as subgroups and a committee of the whole, the
Engineering Panel developed the following findings:

e General:

o Because engineering is often conflated with science and mathematics, the
panel developed a working definition: “Engineers identify human needs
and wants, then creatively apply mathematics, science, technology, and
other disciplines in (e.g., aesthetics, urban studies, operations, etc.) and
impose relevant constraints (e.g., cost, schedule, redundancy, etc.) to
design and evaluate innovative products and systems that address those
needs and wants.” (Engineering is inherently interdisciplinary and creates
new value to satisfy a stated need while science discovers relationships in
and characterizes the existing world.)

o The two major strands identified as "The Designed World" and "The
Nature of Technology" in the American Association for the Advancement
of Science’s Project 2061 “Benchmarks” are not adequately addressed in
Virginia’s current required K-12 curriculum. The engineering design



process, including the problem definition and the role of multiple
constraints, is a critical component of engineering knowledge, and
understanding that process as well as the ways in which engineering
impacts public life are critical to helping Virginia's citizens make
informed decisions.

To prepare for the 21st Century, students need to have more application-
oriented work in science and mathematics, either by integrating
engineering into the current science strands, through a separate
engineering strand, or through some combination of the two to help K-12
teachers use examples from "the designed world" to demonstrate
applications of science, technology and mathematics to the designed world
including the political, economic, environmental, sociological, and
technological ramifications.

e Student Success

o

Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21% century
trades areas of the K-12 Career and Technical Education Program (see
figure on page 6).

Because women and minorities continue to be underrepresented in
engineering, efforts to address K-12 engineering should incorporate
specific activities to reach these underrepresented groups regarding careers
in engineering to ensure that 21* century engineers are drawn from the
largest possible workforce pool.

e Specific Implementation

©)

Any implementation of an engineering curriculum must have teacher
training and on-going support as a required component.

The teaching of engineering processes and principles should begin in K-5.
Required engineering modules should be integrated into 6-8 curriculum
Any discussion of engineering modules, outcomes, and standards must
include a discussion of appropriate methods of assessment that move
beyond multiple choices tests (which do not effectively capture
engineering knowledge, particularly with respect to the design process and
the impact of engineered technologies on society). Effectively designed
assessment processes, along with the investment required to sustain those
assessments, are central to the successful inclusion of engineering in the
K-12 curriculum.

Engineering courses that prepare students for a career in engineering
should be available to all high school students.

The nationally available program, Project Lead The Way (PLTW) satisfies
almost all of the panels requirements for an engineering preparatory
program and should be considered as basic high school engineering
program to be implemented “as is” or used as a basis while customizing
and continuously improving a school’s engineering offerings.



Figure. Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21* century trades
areas of the K-12 Career and Technical Education Program
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Introduction and Background

In the Fall of 2006, NASA engaged in discussions with the Office of the Secretary of
Education in Virginia with regard to partnering for the development of a workforce
skilled in the capabilities needed by NASA for the 21* century. With many of its staff
nearing or past retirement age, NASA was particularly concerned about its next-
generation workforce while the Office of the Secretary of Education was interested in
having a STEM'-capable team examine the current content of the STEM curriculum in
the state and carry out an independent “gap analysis”. A recent study” published by
Achieve, Inc., showed that many graduates go into the workplace or further education
after high school graduation feeling unprepared, identified by their employers as
unprepared, or requiring remedial, not-for-credit courses. An agreement® was reached
whereby NASA would provide a scientist/engineer to the Secretary’s office for nine
months during which, he/she would lead a review of the physics, chemistry, and
engineering’ programs in Virginia. The reviews would be carried out by panels or teams
of practicing scientists and engineers, drawn from research university content area
departments, government research laboratories, and industry. The output from each
review panel would be a white paper deliverable to the Secretary of Education and
publicly available.

Over the past twenty years, two well-respected national organizations, the National
Research Council of the National Academies of Science and the American Association
for the Advancement of Science have developed documents that lay out potential national
standards and benchmarks for Science in the Nation’s schools K-12°.

In addition to these two national efforts, the past fifteen years has seen individual states
develop their own standards in a number of academic disciplines. Virginia began its
standards development under Governor George Allen around 1994. The focus of these
first standards was school accountability. In an effort to assure accountability of all of
Virginia’s public schools with respect to some common course content, the Virginia
Standards of Learning (SOL) were created. These SOL are implemented as outcome

" STEM is an acronym for Science, Technology, Engineering, Mathematics.

2 “Rising to the Challenge: Are High School Graduates Prepared for College Work? A
Study of Recent High School Graduates, College Instructors, and Employers”.
Conducted for Achieve, Inc. by Peter D. Hart Research Associates (February 2005).

3 Intergovernmental Personnel Act (IPA)

* While NASA has an interest in all STEM areas, it has a particular interest in physics
and chemistry, the science basis for new and exotic materials that would be required to
carry out its Exploration mandate, and engineering which is the basis for the development
of these materials into useful structures and the spaceflight capabilities to use them.
Follow-on panels to similarly review the other science areas are a possible future activity.
3 National Science Education Standards (National Academy Press, 1996) and Project
2061: Science for All Americans and Benchmarks for Science Literacy (American
Association for the Advancement of Science, 1990).



standards in that the assessments or tests associated with them identify whether the
material was learned by students (as opposed to simply taught by teachers).

To further clarify what the SOL are intended to be and what they are not intended to be,
we can look at two excerpts from the Introduction to Virginia’s Science SOL:

e “The Science Standards of Learning for Virginia’s Public Schools identify
academic content for essential components of science curriculum at different
grade levels.” and;

e “The Standards of Learning are not intended to encompass the entire science
curriculum for a given grade level or course or to prescribe how the content
should be taught. Teachers are encouraged to go beyond the standards and select
instructional strategies and assessment methods appropriate for their students.”

While conceived as minimal accountability standards (a floor), the content of the SOL
soon became the course outline for many teachers. As fiscal pressure, particularly
through the No Child Left Behind (NCLB) Federal legislation, increased for students to
pass these state assessments, school administrators put more pressure on teachers to
assure that their students would indeed pass. This pressure along with the large breadth
of the SOL for some courses, has precluded many teachers from “go(ing) beyond the
standards”.

The standards are revised every seven years as a part of the formal review process
approved by the State Board of Education — science undergoes its next revision in 2010.
The output from the physics and chemistry panels is intended to inform that review
process.

The job of Physics Team and Chemistry Team was to develop some consensus around
the essentials of citizen knowledge in (physics)/(chemistry) for the next 25 years. That is,
what is the essential physics or chemistry knowledge that citizens of the Commonwealth
should have to understand the world around them, to make decisions on political
questions that more and more involve understanding of science and technology, to triage
and understand the plethora of news and information that is available by the current
World Wide Web and will be available on the next generation Internet. The task of the
Engineering Team was not too much different but was a bit more broadly defined in
terms of what engineering program would be most appropriate for our students in the 21%
century. Engineering is not a part of the traditional curriculum for which there are SOL;
it has developed in the CTE (Career and Technical Education) division of the Virginia
Department of Education. Thus the panel could not look at an SOL content set for
engineering, but, rather, looked at various programs that Virginia teachers have created,
some “turn-key” national programs that have been created and are available for purchase,
and the K-12 SOL for engineering in the state of Massachusetts.



Finally, a reminder that these panels were NOT defining advanced course content — that
work is being done nationally and it focuses on the top 10% of our students®. The panel’s
focus was on ALL students in laying out a safety net of science (physics/chemistry) and
engineering content that the remaining 90% of Virginia’s high school students need to be
economically and politically productive citizens of Virginia in the 21% Century.

The expression “STEM” is often used rather loosely to describe any curriculum that is
science or math related. For the purposes of understanding the engineering panel’s
output, it is important to differentiate between the four STEM components. We will
assume the following descriptive definitions:

e Science is the study of the existing physical world and its manifestations,
especially through systematic observation and experiments. Science explains the
world that is.

e Technology is the application of scientific and engineering knowledge to achieve
a practical result.

e Engineering is the creation or development of new devices and objects that are of
importance or value to humans and society.

e Mathematics is a branch of pure science or philosophy (logic) that in its applied
state can be used to help make quantitative analyses and predictions for science,
technology, and engineering.

This report presents the results from the Engineering Panel in its consideration of what
engineering knowledge 90% of Virginia’s students need to be economically and
politically productive citizens of the Commonwealth for the 21% century. The panel also
reports on what programs should be available to those students who are considering a
career in engineering.

¢ In Virginia (2004 data), approximately 10% of students in grades 9-12 were taking one
or more Advanced Placement courses; 1% were in Governor’s Schools, and 0.25% were
in International Baccalaureate (IB) programs. The College Boards are working on
aligning AP courses and the American Institute of Physics and NRC have developed
reports on advanced needs in physics and chemistry respectively.



Philosophy for Selecting Team Membership

Because many previous SOL content development teams were made up with a
preponderance of K-12 science educators, with some practicing scientists only as
advisors or reviewers, this team was designed to complement and supplement the
content-area expertise of those teams. The Engineering Team was designed to have
subject matter expertise across a large range of engineering activities and endeavors from
basic research through technology and development to operations and production. To
this end, members were solicited from university engineering schools, government
research laboratories, industry, and K-12. Three Virginia K-12 teachers who were
currently teaching engineering in their schools were solicited. There was an attempt to
get a diverse mix of members and a mix of government laboratories that spanned the
Department of Energy, NASA, and the Department of Defense.

Members of the Engineering Team’ and their major affiliation were:

Dr. Marie Paretti Virginia Tech

Dr. John Bean University of Virginia

Mr. Jerry Robertson ODU

Dr. Bob Kolvoord JIMU

Dr. Bob Lindberg National Institute of Aerospace

Dr. Charlie Camarda NASA — Johnson Space Center

Dr. Doug Dwoyer NASA - Langley Research Center

Mr. George Biallas Department of Energy — Jefferson Lab
Mr. Alan Dean Naval Surface Warfare Center — Dahlgren
Dr. Mohammad Takallu Lockheed — Martin

Mr. Matt Miller Micron Technology Virginia

Mr. Marty Rothwell Chantilly Academy Fairfax County

Mr. Roger Hunt Jamestown High School Williamsburg
Ms. Cheryl Simmers Appomattox Governor’s School Petersburg

What this team brought to the scene was unique — not claimed to be better or worse just
unique - from previous SOL and curriculum work in three ways:

e They were a team of content-centric practitioners — not education
specialists.

o They had available descriptions of a selection of K-12 engineering
programs that were already in place across Virginia and the Nation.

e They brought a range of perspective from university research and
technology through government laboratory technology and development to
industry development and production.

7 A short biography for each member is in Appendix A
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Preparation for Meeting

Because the team was developed for its engineering content-area expertise and came
from diverse backgrounds across the research, technology, development, and production
compass, a set of documents was prepared to provide background on the current state of
K-12 engineering in the United States and some national thinking about what science
should be in the 21* century. The full set of documentation is Appendix B and a
summary is given here.

Members were provided information from three nationally available engineering
programs: Project Lead The Way (PLTW); Texas Instrument’s The Infinity Project; and
Ford Motor Company’s Partnership for Advanced Study (PAS). They also received a
copy of the Standards of Learning (SOL) for the K-12 engineering program that was
instituted in Massachusetts in 2001.

Project Lead The Way (PLTW) was first created in New York State to fill a curriculum
gap in engineering for high schools. It is administered nationally through a non-profit
corporation and program integrity is ensured in each state through an “affiliate”
university school of engineering which provides training, support, and on-going
validation of PLTW-offering schools in that state. Old Dominion University’s Batten
School of Engineering is the affiliate in Virginia (Duke is the affiliate in North Carolina)
and offers a two-week residential summer teacher training program that is required of
teachers for each course. PLTW provides a complete traditional 4-year engineering
program that begins with “Introduction to Engineering” in the ninth grade, “Principles of
Design” in tenth grade, a specific focus course such as “Aerospace” “Computer
Integrated Manufacturing”, “Blotechnology” etc in 11™ grade, and a capstone team
design/build/operate course in 12" grade. PLTW also has a middle school curriculum
called “Gateways to Technology”.

The Infinity Project was developed by Texas Instruments Corporation to fill a gap in the
development of Digital Design Engineers for TI’s next generation workforce. It is
administered through Southern Methodist University where a one-week residential
training program is offered to prepare Infinity Project teachers. The course focuses on
digital electronic engineering as the course textbook, “Engineering Our Digital Future”
indicates. The final chapter of the textbook does address other engineering disciplines in
“The Big Picture”. A laboratory activity kit can be purchased along with the book.

The Ford PAS program is designed from Ford’s global needs in engineering capability
with understanding of markets, economies, social interactions, and technology. It is
made up of five semester-long courses, each of which is made up of three modules. The
course can be taught as designed or some of the individual modules can be integrated into
U.S. History, Statistics, Physics, Economics, and Engineering. The courses are Building
Foundations (problem solving, communication, research skills); Adapting to Change
(careers, companies, communities, environment, efficiency); Managing and Marketing
with Data (business success, quality, data to knowledge); Designing for Tomorrow
(reverse engineering, different by design, energy for the future); and Understanding the



Global Economy (wealth of nations, markets without borders, global citizens). Training
and teacher development is available from Ford.

Team members also received a copy of the “Kentucky Survey of Critical Technologies:
Highlights” from June of 2004. This document reports on the results of a survey of some
500 middle and high school science teachers in Kentucky regarding their awareness and
comfort with contemporary and emerging technologies. As an example, while 99% of
those surveyed were aware of the concept of “stem cells”, only 47% said that they
understood that concept, and 24% taught it. Sixty per cent of these teachers were aware
of “nanotechnology”, but only 18% said that they understood it, and 7% replied that they
taught it. Thirty-eight percent of these teachers also said that their preferred source of
content training was the web with only 8% preferring “In-service” programs at their
schools.

The Commonwealth of Massachusetts recently put in place a complete K-12 engineering
curriculum and the standards of learning (SOL) for that program were provided to panel
members.

They were also given selections from the National Research Council’s “National Science
Education Standards” and complete copies of two books: The American Association for
the Advancement of Science Project 2061 “Science for All Americans” and
“Benchmarks”.

Science for All Americans differentiates mathematics, science, and engineering as
follows: “Scientists see patterns in phenomena as making the world understandable;
engineers also see them as making the world manipulable. Scientists seek to show that
theories fit the data, mathematicians seek to show proof of abstract connections;
engineers seek to demonstrate that designs work...”

Two specific chapters of Science for All Americans were a focus for the engineering
panel: The Nature of Technology and The Designed World.

From The Nature of Technology, “In the broadest sense, technology extends our abilities
to change the world, to cut, shape, or put together materials; to move things from one
place to another; to reach farther with our hands, voices, senses. We use technology to
try to change the world to suit us better. The changes may relate to survival needs such
as food, shelter, or defense or they may relate to human aspirations such as knowledge,
art, or control. But the results of changing the world are often complicated and
unpredictable. They can include unexpected benefits, unexpected costs, and unexpected
risks — any of which may fall on different social groups at different times. Anticipating
the effects of technology is therefore as important as advancing its capabilities”

From The Designed World: “The world we live in has been shaped in many important
ways by human action. We have created technological options to prevent, eliminate, or
lessen threats to life and the environment and to fulfill social needs. We have damned
rivers and cleared forests, made new materials and machines, covered vast areas with

12



cities and highways, and decided — sometimes willy-nilly — the fate of many other living
things.

In a sense then many parts of the world are designed — shaped and controlled, largely
through the use of technology — in light of what we take our interests to be. We have
brought the earth to a point where our future well-being will depend heavily on how we
develop and use and restrict technology. In turn, that will depend heavily on how well we
understand the workings of technology and the social, cultural, economic, and ecological
systems within which we live.

While Science for All Americans is written from a holistic science viewpoint, the issues
that humans have control over in the two excerpts above — the development of
technologies and their applications - are controlled through engineering.

13



Meeting Place and Process (Agenda)

The Engineering Panel met on June 5-6, 2007 at the National Institute of Aerospace in
Hampton, Virginia. Members had received their preparation reading four weeks in
advance of the meeting. The agenda was structured to get the participants first to talk
about their own engineering expertise, background, and any initial thoughts they had on
the preparatory material or the problem in front of the panel.

Next, the participants were put into four smaller homogeneous breakout groups to
consider (brainstorm) the main question before them: What is the engineering essential
content to reach 80% — 90% of all high school students to help them become
productive citizens® in the 21% Century? The four homogeneous groups were broken
out as:

University representatives
Government laboratory representatives
Industry representatives

K-12 representatives

The four homogeneous groups then reported out to the entire panel, with all panel
members engaging in discussion for clarification.

Next, the participants were grouped into three “mixed groups” wherein each group had a
mix of membership from each of industry, K-12, university, and government lab. The
three mixed groups were asked to develop a draft of recommendations based on their
earlier homogeneous group discussions and report-out. These groups reported out to the
entire panel and their ideas were catalogued (like-things combined) and prioritized.

Finally, the whole group was asked about what engineering courses should be available
to potential engineering majors — the first day and a half having been devoted to the
engineering needs of ALL students.

8 What is the essential engineering knowledge that citizens should have to understand the
world around them, to make decisions on political questions that more and more involve
understanding of science and technology, to triage and understand the plethora of news
and information that is available by the current World Wide Web and will be available on
the next generation Internet.

14



Results

Participants began the meeting by introducing themselves, their particular area of
engineering expertise, and their thoughts based on their expertise and preliminary reading
material. Among the issues raised were:

e Training of engineering teachers.

e How to provide engineering classes in rural as well as urban areas.

¢ Who would be willing to teach K-12 engineering with the pay difference between
engineering jobs and K-12 teachers’ salaries?’
Consider the ethics of engineering.
Differentiate “engineering” from “technology”.
What are U.S. engineering needs in the current world of offshore outsourcing?
(Innovation?)

e At what age should engineering be introduced?

The team then broke out into four homogeneous groups — groups whose members shared
similar affiliation as:

University
Government Lab
Industry

K-12

These groups worked independently on the first fundamental question: What is the
engineering essential content to reach 80% — 90% of all high school students to help
them become productive citizens in the 21* Century?

The groups then reported out their findings to the whole team. While there was some
overlap in the products between teams, some of the outputs of this first brainstorming
session were as follows:

e University
o Need for definition and clarification of “engineering”
o What aspects of engineering should students have by the completion of
high school? (decision-making, assessment of problems/finding solutions)
o Make science SOL more applications oriented.
o Do not underestimate younger children’s ability to understand engineering
principles — they are not too abstract.
e Government Lab
o Tried to answer the question: What information is necessary to carry us
into the future — engineering for society?

? Entry level to 10 years experience salary range for engineers ($53K - ~§100K); Entry
level to 10 years experience salary range for K-12 teachers ($35K - ~$43K). National
salary data from Salary.Com

15



Skills: Graphical representation, draw a picture, modeling, understand
technology and its limits.

Basic knowledge: the sciences and probability/statistics.

Abilities: Logical thinking, understanding components/integration,
analysis, understanding boundaries of problems and impact of potential
solutions, oral and written communication

What is lacking in current education?: Not enough creativity, mechanical
thinking dominates originality and imagination, few open ended problems,
low long-term retention of material, inability to deal with ambiguity.

e Industry

o]

(@)
)

Math and science provide tools used by engineers to analyze “manmade”
world

Engineering provides tools for scientists to understand the natural world.
Engineering/Science relationship should be understandable to middle and
high school students

Provide broad overview of field of engineering

Industry needs: technologically literate workers/public; ability to work
independently and in groups; good citizens; a large pool of qualified
engineers.

Engineering process impacts life skills of decision-making

Research process remains the same throughout disciplines but is a difficult
process for students to grasp due to lack of integration and a lack of time
for teachers to discuss it.

SOL put high demand on teachers to teach specifically to SOL material so
they try to cram additional material in after the SOL testing

Students often are intent on reaching an endpoint — makes schools a task
instead of a journey.

The second day opened with a review of overnight thoughts on the matter before the team
and a second breakup into three smaller groups. These groups were mixed or
heterogeneous with each group having a mix of university, government lab, K-12, and
industry perspectives. These groups continued to work the output of the homogeneous
groups and reported out as follows:

e Group 1:

o
)

Definition of “engineering” — Engineers identify human needs/wants
Content offered to the 90% - design experience and comprehension;
understanding life-cycles; how engineered products/systems change life;
fundamental principles such as stress analysis and statistics.

e Group 2:

O
©)

Cyclical engineering design process

Definition of engineering: “Engineers are individuals who combine
knowledge of multiple disciplines to solve problems that confront society,
and to utilize methods, materials, and forces of nature for the benefit of all
humans”

16



e Group 3:
o Proposal: Implement Project Lead The Way (PLTW) Statewide (use same
approach as South Carolina)
National existing curriculum
Has assessment tools
In 14 Virginia school divisions today
Engages a vast majority of the issues brought up in the
panel discussion
o Use PLTW “Gateway” programs in middle school for “90%”

Finally, the full team addressed the second issue: that of preparing students to major
in engineering in college — though this had been touched on by some breakout groups
earlier. Discussions among the whole group brought out the following points:

e Skills
o Motivated
o See big picture
e Supporting math
o Applied algebra
o Data analysis
o Software package such as MATLAB
o Show work — don’t just test getting answer
e Ideal engineer
o See NAS Engineer 2020 Report
Strong analytical skills
Practical ingenuity
Creativity, innovation
Good communication
Leadership
High ethics, professionalism
Life-long learners
Able to solve open-ended problems in high school
Drawn to majors by inspiring faculty
American students have career choices throughout formal education
process
o Tolerance of ambiguity
e Create hands-on/open-end design project
o FIRST series (FIRST Lego League, VEX, FIRST Robotics)
o Destination Imagination
o Odyssey of the Mind
o Mentors from engineering but trained in pedagogy to inspire
o Innovative and culturally relevant
o
o
o

O 0O 0O O0OO0OO0OO0OO0OO0OOo

Manageable challenges, low-cost, fun

Digital libraries or open-source materials reviewed by users

Possibly introduced in a pre/intro to engineering course that is design
focused, somewhat math based, uses state-of-the-practice software



In summarizing the material and discussion brought out during the two days of working
in facilitated sessions as subgroups and a committee of the whole, the Engineering Panel
output can be presented in the following findings and recommendations:

e General:

o Because engineering is often conflated with science and mathematics, the
panel developed a working definition: “Engineers identify human needs
and wants, then creatively apply mathematics, science, technology, and
other disciplines in (e.g., aesthetics, urban studies, operations, etc.) and
impose relevant constraints (e.g., cost, schedule, redundancy, etc.) to
design and evaluate innovative products and systems that address those
needs and wants.” (Engineering is inherently interdisciplinary and creates
new value to satisfy a stated need while science discovers relationships in
and characterizes the existing world.)

o The two major strands identified as "The Designed World" and "The
Nature of Technology" in the American Association for the Advancement
of Science’s Project 2061 “Benchmarks”are not adequately addressed in
Virginia’s current required curriculum. The engineering design process,
including the problem definition and the role of multiple constraints, is a
critical component of engineering knowledge, and understanding that
process as well as the ways in which engineering impacts public life are
critical to helping Virginia's citizens make informed decisions.

o To prepare for the 21st Century, students need to have more application-
oriented work in science and mathematics, either by integrating
engineering into the current science strands, through a separate
engineering strand, or through some combination of the two to help K-12
teachers use examples from "the designed world" to demonstrate
applications of science, technology and mathematics to the designed world
including the political, economic, environmental, sociological, and
technological ramifications.

e Student Success

o Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21* century
trades areas of the K-12 Career and Technical Education Program (see
figure below)

o Because women and minorities continue to be underrepresented in
engineering, efforts to address K-12 engineering should incorporate
specific activities to reach these underrepresented groups regarding careers
in engineering to ensure that 21 century engineers are drawn from the
largest possible workforce pool.

e Specific Implementation

o Any implementation of an engineering curriculum must have teacher
training and on-going support as a required component.

o The teaching of engineering processes and principles should begin in K-5.

o Required engineering modules should be integrated into 6-8 curriculum



o Any discussion of engineering modules, outcomes, and standards must

include a discussion of appropriate methods of assessment that move
beyond multiple choices tests (which do not effectively capture
engineering knowledge, particularly with respect to the design process and
the impact of engineered technologies on society). Effectively designed
assessment processes, along with the investment required to sustain those
assessments, are central to the successful inclusion of engineering in the
K-12 curriculum.

Engineering courses that prepare students for a career in engineering
should be available to all high school students.

The nationally available program, Project Lead The Way (PLTW) satisfies
almost all of the panels requirements for an engineering preparatory
program and should be considered as basic high school engineering
program to be implemented “as is” or used as a basis while customizing
and continuously improving a school’s engineering offerings.

Figure. Engineering bridges a gap between the mostly theoretical current K-12
mathematics and science curriculum and the traditional and 21* century trades
areas of the K-12 Career and Technical Education Program
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APPENDIX A

Short Biographies of Engineering Team Members:

Dr. John Bean, J.M. Money Professor of Engineering and Applied Science, University of
Virginia. BS (Applied Physics) Caltech; MS and Ph.D. (Applied Physics) Stanford.
Previously, Dr. Bean was Head of the Material Science Research Department at Bell
Labs in Murray Hill, N.J. His most recent research interests have been in the self-
assembly of semiconductor nanostructures and the development of new techniques for
the fabrication of molecular electronic devices. He initiated the UVA Virtual Lab public
science education website and has received the UVA “All University Teaching Award”.

Mr. George Biallas, Senior Staff Engineer, Jefferson Lab-Department of Energy. BSME
University of Illinois; Registered Professional Engineer. Mr. Biallas is responsible for
the concepts, design, and construction of high energy beam transport systems, target
systems, and infrastructure including superconducting magnets and cryostats for state-of-
the-art national accelerator facilities. Previously, he was a staff engineer at Enrico Fermi
Institute and Fermi National Accelerator Laboratory.

Dr. Charlie Camarda, Astronaut and Deputy Director for Advanced Projects, NASA —
Johnson Space Center. BS (Aerospace Engineering) Polytechnic Institute of Brooklyn;
MS (Mechanical Engineering) George Washington University; Ph.D. (Aerospace
Engineering) Virginia Tech. Previously, Dr. Camarda carried out materials research and
was Head of the Thermal Structures Branch at NASA Langley Research Center and
served as Director of Engineering at NASA Johnson. He was selected to be an astronaut
in 1996 and flew on the return-to-flight mission of the Space Shuttle, STS-114 in 2005.

Mr. Alan Dean, Deputy NAVSEA Warfare Center Workforce Executive, Naval Surface
Warfare Center — Dahlgren, VA. BS (Electrical Engineering) Lowell Technological
Institute; MS (Electronics Engineering) Virginia Tech; MA Mary Washington College
and a graduate of Naval War College. Previously, Mr. Dean served as Branch Head for
the Submarine Launch Ballistic Missile Program and the Anti-Submarine Program as
well as Senior Staff Scientist in Computer Engineering. He has carried out research on
Expert Systems and the modeling and simulation of microprocessors.

Dr. Doug Dwoyer, Project Director Hampton Roads Research Partnership — a consortium
of research universities in the Hampton Roads VA area. BS, MS, Ph.D. (Aerospace
Engineering) Virginia Tech. Dr. Dwoyer formerly served as Associate Director for
Operations and Director of Research & Technology for NASA Langley Research Center.
He has carried out research in Computational Fluid Dynamics at Wright-Partterson Air
Force Base, United Technologies Research Center, and NASA Langley Research Center.



Mr. Roger Hunt — Teacher (Project Lead The Way), Jamestown High School,
Williamsburg, VA. BS (Vocational Education) Virginia Tech; MS (Human Resources
Development) Clemson. Before teaching, Mr. Hunt worked for Fluor Corporation on
planning, design, and construction of large domestic and international facilities such as
the 5™ terminal at London’s Heathrow Airport. He also was Director of Performance and
Learning for the Americas in Arthur Anderson’s Global Corporate Division.

Dr. Bob Kolvoord, Professor of Integrated Science and Technology and Educational
Technologies, James Madison University. BA (Physics) University of Virginia; MS
(Material Science) University of Virginia; Ph.D. (Theoretical and Applied Mathematics)
Cornell University. Previously Dr Kolvoord served as Senior Research Associate at the
Lunar and Planetary Laboratory at the University of Arizona and was co-founder of the
Center for Image Processing in Education. His current research specialty is visualization
and geospatial modeling applications for STEM education.

Dr. Bob Lindberg, President and Executive Director, National Institute of Aerospace. BS
(Physics with Distinction) Worcester Polytechnic Institute; MS (Engineering Physics)
University of Virginia; Eng.Sc.D. (Mechanical Engineering) Columbia University.
Previously Dr. Lindberg served in executive and program management positions at
Orbital Sciences Corporation including Sr. Vice President for Defense Programs and
Program Manager for X-34. Earlier he served as a research physicist and Branch Head at
Naval Research Laboratory and currently holds a concurrent post as Research Professor
in Mechanical and Aerospace Engineering at the University of Virginia.

Mr. Matt Miller, Senior R&D Process Development Engineer, Micron Technology Inc.,
Manassas, VA. BS (Chemical Engineering) University of Idaho. Mr. Miller currently
works with advanced thin film processing for DRAM and Flash semiconductor devices.
His area of engineering expertise is in metal deposition for sub-70nm process technology
nodes.

Dr. Marie Paretti, Assistant Professor of Engineering Education, Virginia Tech. BS
(Chemical Engineering) Virginia Tech; MA (English) Virginia Tech; Ph.D. (English)
University of Wisconsin — Madison. Dr. Paretti is currently Director, MSE/ESM
Engineering Communications Program and Co-Director of the Virginia Tech Engineering
Communications Center. Her current research focuses on professional practices
(communication, teaming, ethical behavior, cross-discipline and cross-cultural
collaboration) in both engineering workplaces and engineering curricula.

Mr. Jerry Robertson, Executive Director Virginia Applied Technology & Professional
Development Center at Old Dominion University. BS and MS (Mechanical Engineering)
Old Dominion University. Mr. Robertson is a registered Professional Engineer in
Virginia and a Certified Manufacturing Engineer by SME. He currently leads all Project
Lead The Way (PLTW) teacher training and is the professional engineer PLTW resource
for Virginia.



Mr. Marty Rothwell, Engineering Systems and Engineering Physics Teacher, Chantilly
Academy, Fairfax County Public Schools. BS (Physics) Mary Washington College;
MBA Averett College. He currently teaches engineering physics, engineering systems,
advanced engineering/robotics. Mr. Rothwell also serves as adjunct professor for George
Mason University and is mentor for Chantilly’s award-winning FIRST Robotics
Competition Team.

Ms. Cheryl Simmers, Engineering Teacher, Appomattox Governor’s School for Arts &
Technology. BS (Industrial Engineering and Operations Research) Virginia Tech; MS
(Industrial & Systems Engineering) Virginia Tech. She previously worked as a Project
Engineer at Naval Weapons Station Yorktown and as a Research Associate at the
Virginia Productivity Center. Ms. Simmers has been a public school teacher since 1994.

Dr. Mohammad Takallu, Senior Staff Aeronautical Engineer, Lockheed Martin Mission
Services. Diploma Ingeneur (Mechanical/Aerospace Engineering) University of Aachen
(Germany); Ph.D. (Mechanical/Aerospace Engineering) North Carolina State University.
He has worked on a wide range of aeronautical engineering topics including
aerodynamics, aeroacoustics, wake vortex and aircraft spacing, and flight deck
ergonomics/human factors. As an active pilot and certified flight instructor, he has
mentored many high school and college students in the science and art of flying.

Panel Facilitators:

Mr. Jim Batterson — Special Assistant on Loan from NASA to the Secretary of Education.
BS (Mathematics) and MS (Physics) College of William and Mary. He formerly carried
out research in system identification applied to flight test data and served as Head of the
Dynamical Systems and Control Branch at NASA Langley Research Center. Most
recently he served as Deputy Director for Strategic Development. Mr. Batterson has
taught high school physics and mathematics and served on the Newport News (VA)
School Board and New Horizons Governors School Board.

Dr. Charlie Sapp — BS (Aeronautical Engineering) U.S. Naval Academy; MS
(Aeronautical Engineering); MA (International relations and National Security); MA
(Strategic Studies); Ph.D (Organizational Leadership). He previously served as a pilot in
the United States Navy, retiring as a Captain. Dr. Sapp has also served on Vice President
Gore’s government reform task force and as an examiner for the Malcolm Baldridge
National Quality Award and the President’s Quality Award programs. He is currently a
member of the Hampton (VA) City Council.






APPENDIX B

Pre-meeting Reading Materials

Introduction and Background
Kentucky Survey of Critical Technologies
Project 2061: Benchmarks for Science Literacy (3 Excerpts)
National Science Education Standards (Excerpts)

A “Critique” of the National Science Education Standards
Leon Lederman on Science Reform
Innovation America
Ford Motor Company PAS Curriculum
Texas Instruments Infinity Project
Project Lead The Way and Technology Literacy
Massachusetts K-12 Engineering SOL

Comparing Some National and International Assessments
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A Brief Introduction and Some Background for K-12 Physics, Chemistry, and
Engineering Panel Members _

Jim Batterson

There were more than 1.2 million children in Virginia K-12 schools in 2005. More than
one million (or approximately ninety per-cent) of these students were in public school, an

" estimated 125,000 were in private schools, and 17,500 were home-schooled. The public

school students almost exclusively attend school in their county or city. In Virginia, these

“counties and cities, when taken together comprise the 134 school divisions in the

Commonwealth.! There are some wonderful programs of instruction in place and
numerous excellent teachers working in schools throughout these 134 school divisions.
Children complete some of these programs at some schools with incredible knowledge
and skills and proceed to be successful at some of the top colleges in the Nation. Other
students complete these courses or very good courses with highly qualified teachers and
are successful at a diverse range of colleges, two-year institutions, or in the workplace.
However, not all students have access to highly qualified teachers, exposurc to specific
content, or support infrastructure — particularly in science and mathematics® - and many
graduates go on to the workplace or further education after high school graduation feeling
unprepared, identified by their employers as unprepared, or requiring remedial, not-for-
credit courses®. Outcomes are uneven within school divisions where, even when
technology and infrastructure are evenly distributed, a few schools may have more highly
qualified teachers than others. _

The United States has no national curriculum. The evolution of education in the United
States has left the responsibility for educating the Nation’s young to each State (Tenth
Amendment to the Constitution of the United States). A brief chronology of education in
the United States is drawn from Pulliam and Van Patten’s History of Education in
America:

e 1600’s—1750’s: Government involvement in education varies by geography.
Northern colonies require primary education first at home then at “schools” to be

! As a reference, there are approximately 50 million K-12 students nationwide attending
school in approximately 15,000 school divisions.

% In 1992, only twenty-two out of sixty-one high school mathematics teachers had a
subject-area degree (defined as 36 semester hours of Calculus or higher coursework) in a
review of transcripts of teachers in one large urban Virginia school division. More recent
data show that approximately 10% of high school students (grades 9-12) are enrolled in
one or more AP (Advanced Placement) courses, 1% are in Governor’s Schools, and
0.25% are in IB (International Baccalaureate) Programs. This means that some 90% of
Virginia’s children rely on the Virginia Standards of Learning (SOL) to assure the quality
and appropriateness of their science course content.

3 Rising to the Challenge: Are High School Graduates Prepared for College Work? A
Study of Recent High School Graduates, College Instructors, and Employers. Conducted
for Achieve, Inc, by Peter D. Hart Research Associates (February 2005).



established with tax dollars. Southern farm economy and demography focuses
more on home-schooling with a few free-schools sponsored by the wealthy.
Teachers in schools have minimal education. Teaching confined to reading,
arithmetic, writing, and religion (four R’s). Only two universities by 1700
(Harvard and William & Mary — both religious as were the next ones, Yale,
Princeton). :

e 1770’s—1850’s: State universities established; “Graded” primary schools
established (1820); high schools established (1830); still wide discrepancies
between northern cities and agricultural South. Most schools still one room,
utilitarian or worse; Establishment of teacher training “normal schools” (1830’s).
By 1850, 45% of children attended school and half the states had established
school systems.

e 1860’s —1910: Establishment of Land Grant colleges for agriculture and .
engineering (Morrill Act) by Federal government (industrial revolution). High
school growth (1890); standardization of curriculum 1910; 400 teacher training
(normal) schools by 1900.

e 1910-1950’s: Establishment of vocational training schools; special education
curriculum; development of educational theories and research; national
accreditation standards; school year of 172 days with compulsory attendance
(1930); GI Bill for continuing education (1944); Vannevar Bush’s “The Endless
Frontier” emphasizing the critical importance of science to the U.S. economy and
National defense (NSF Report 1945)

e 1954 —today: Brown v. Board of Education; Cold War post-Sputnik focus on
Science and Mathematics; National Defense Education Act; Elementary and
Secondary Education Act (1965 — Title I) and amended to Improving America’s
Schools (1994), and to No Child Left Behind (2002); Teacher Corps; growth of
kindergarten enrollment; much research into child psychology and learning;
Department of Education (Cabinet level) established 1979; A Nation at Risk
(1980°s); National Science Education Standards (1996); Science for All
Americans/Benchmarks/Project 2061 (1990°s). State Standards of Learning

(1990°s). Physics First (2000); ubiquitous availability of knowledge on the World

Wide Web (2000); Global outsourcing (2000); Computational technology double
exponential growth (Moore’s Law)

e Today —2030: ?? Political, Economic, Social, Technology impacts ??
From this synopsis, we see that while education remains the responsibility of the states,

there has been increasing responsibility/authority taken on by the Federal Government,
particularly with and since the establishment of Land Grant colleges in 1862. Most

recently, two well-respected national organizations, the National Research Council of the

National Academies of Science and the American Association for the Advancement of




Science have developed documents that lay out potential national standards and
benchmarks for Science in the Nation’s schools K-12°,

In addition to these two national efforts, the past fifteen years has seen individual states
develop their own standards in a number of academic disciplines. Virginia began its
standards development under Governor Allen around 1994. The focus of these first
standards was school accountability. In an effort to assure accountability of all of
Virginia’s public schools with respect to some common course content, the Virginia
Standards of Learning (SOL) were created. These SOL are implemented as outcome
standards in that the assessments or tests associated with them identify whether the
material was learned by students (as opposed to simply faught by teachers).

To further clarify what the SOL are intended to be and what they are not intended to be,
we can look at two excerpts from the Introduction to Virginia’s Science SOL:

e “The Science Standards of Learning for Virginia’s Public Schools identify
academic content for essential components of science curriculum at different |
grade levels.” and;

e “The Standards of Learning are not intended to encompass the entire science
curriculum for a given grade level or course or to prescribe how the content
should be taught. Teachers are encouraged to go beyond the standards and select
instructional strategies and assessment methods appropriate for their students.”

While conceived as minimal accountability standards (a floor), the content of the SOL
soon became the course outline for many teachers. As fiscal pressure, particularly
through the No Child Left Behind (NCLB) Federal legislation, increased for students to
pass these state assessments, school administrators put more pressure on teachers to
assure that their students would indeed pass. This pressure along with the large breadth
of the SOL for some courses, has precluded many teachers from “go(ing) beyond the
standards”. :

The standards are revised every seven years as a part of the formal review process
approved by the State Board of Education — science comes up for its next revision in
2010. The output from these panels will serve to inform that review process.

So the job of Physics team and Chemistry team is to develop some consensus around the
essentials of citizen knowledge in (Physics)/(Chemistry) for the next 25 years. Thatis,
what is the essential Physics or Chemistry knowledge that citizens should have to
understand the world around them, to make decisions on political questions that more and
more involve understanding of science and technology, to triage and understand the
plethora of news and information that is available by the current World Wide Web and by
the next generation Internet. The task of the Engineering team is not too much different

- * National Science Education Standards (National Academy Press, 1996) and Project
2061: Science for All Americans and Benchmarks (American Association for the
Advancement of Science, 1990) — the latter two books are included in your package.



most appropriate for our students in the 21* century. As we will discuss when our team
meets, Engineering is not a part of the traditional curriculum for which there are SOL; it
has developed in the CTE (Career and Technical Education) wing of the Department of
Education. Thus we cannot look at an SOL content set for Engineering, but we will look
“at various programs that our teachers have created and some national programs that have

been created.

but will be a bit more broadly defined in terms of what Engineering Program would be .

In addition to the current Virginia Standards, the Physics and Chemistry teams will have
available to them sets of standards from other states that have been judged as “leaders” in
the development of quality standards®, the International Baccalaureate (IB) standards
which represent a consensus of representatives from more than 100 countries around the
world, and some “new” thinking (actually a decade old) by Leon Lederman on
sequencing and content of science courses.

We will also have for reference the National Science Education Standards, the Project

- 2061 Science for All Americans and Benchmarks, and the thinking of the American
Institute of Physics on an advanced high school Physics course - Improving Advanced
Study of Mathematics and Science in U.S. High Schools: Report of the Content Panel for
Physics (2002). What our team brings to the scene is unique — not claimed to be better or
worse just unique - from previous work in three ways:

1. We are a team of content-centric practitioners — not education specialists.

2. We have the current range of standards developed and implemented over the past
decade as benchmarks — we have the advantage of standing back and evaluating
what’s been created there.

3. We bring a range of perspective from university research through government
laboratory technology and development to industry development and applications.

Finally, a reminder that our panels are NOT defining advanced course content — that
work is being done nationally and it focuses on the top 10% of our students. Our focus is
on ALL students in laying out a safety net of science (physics/chemistry) content that the
remaining 90% of our students need to be economically and politically productive
citizens of Virginia in the 21 Century.

On behalf of all the children in the Commonwealth, I thank you for contributing to this
unique endeavor.

5 Paul R. Gross: The State of State SCIENCE Standards. Thomas B. Fordham Institute ‘
(2005). : _









-

KENTUCKY SURVEY OF
CRITICAL TECHNOLOGIES:
Highlights

Kentucky Science and Engineering Foundation
An initiative of:

KSTC=

Sponsored by:

HORIZONRESEARCH
i o mnoa |

Preparedby: ; ., { & r m o t i
) &;_wvgs
. ;’ ENTUUCIKJYS
Supported with State Funds through: ¢ GOU M C ||
kA
Yo

June 2004



CONTENTS

PREFACE

RESEARCH OVERVIEW AND IMPLICATIONS

EXECUTIVE SUMMARY OF FINDINGS

RESEARCH BACKGROUND AND METHODOLOGY

SUMMARY TABLES (TOTAL RESULTS)

- INTERNET USAGE, PREFERRED METHOD OF CONTACT

RESPONDENT PROFILE

CONCEPT DEFINITIONS

Contact Information - For questions regarding

Horizon Research International
Lakeview, Suite 200

100 Mallard Creek Road
Louisville, KY 40207
502.454.0008

Paul Schulte,
President
pschulte@horizonres»earchint.com

Matt Schulte
Director, Strategic Marketing and Research
Mschulte@horizonresearchint.com

© 2004 Kentucky Science and Technology Corporation

the survey contact:

Kentucky Science and Technology
Corporation

PO Box 1049

Lexington, KY 40588-1049

Mahendra Jain

Executive Director

Kentucky Science & Engineering
Foundation

mjain@kstc.com

859.255.3613 ext 230

Joanne Lang

Executive Vice President

Kentucky Science & Technology Corp
jlang@kstc.com

859.233.3502 ext 236

Page 1

10

12

17

18

19




PREFACE

The economy is being transformed by many exciting new technologies emerging from research labs
worldwide - which must be introduced appropriately into learning experiences at various levels
throughout the education enterprise. Such a routine infusion of new knowledge will help excite young
people to learn about some technologies or perhaps their new applications that may not have existed
even just a few short years ago. Only by deliberate infusion strategies to keep pace with technological
changes will we be able to prepare coming generations of scientific and technologically savvy people
for the research labs and start-up companies fueling the knowledge economy.

Kentucky Science and Technology Corporation (KSTC), through the Kentucky Science and Engineering
Foundation' (KSEF), sponsored this survey of Kentucky science teachers in order to begin a journey
alongside our teachers to explore how best to bridge impertant connections between our schools and
the economy, particularly as they relate to keeping pace with critical and emerging technologies.
Every day KSTC deals with entrepreneurs, university faculty and educators as they carry out their
complementary roles in the knowledge economy. In doing so we began to sense an unintended
disconnect among these players, each committed to and deeply engaged in their own work.

We embarked upon this survey, with the assistance of Horizon Research International, to determine if
these perceptions were indeed reality - and, if so, to create solid footing on which to extend our work
with various groups to develop relevant strategies and processes to help bridge any knowledge gaps on
these technologies and others that are sure to emerge for years to come. No one sector or
organization can make the fundamental interconnections needed. It will take a crosscutting approach
to design dynamic strategies and on-going processes that will assist the information transfer --and age-
appropriate translations-- into our schools and learning environments.

This original research involved an on-line survey of Kentucky middle school and high school teachers of
science from a diverse, representative set of schools across the State. Our intent was to gauge current
levels of understanding of leading edge scientific terms and concepts in five broad categories being
targeted by the Commonwealth for investments in tech start-up companies and research efforts. The
purpose of the survey was to establish the: current levels of awareness, instruction and interest in
cutting edge technologies that are reshaping the science and engineering landscape.

The survey was conducted by Horizon Research International under the KSEF human resource
development program. Although primarily focused on building Kentucky’s world class research
capacities, KSEF’s complementary education goal is to create and help institute programs for human
resource development at schools that ultimately result in a workforce and innovative talent base for
creating and applying science and engineering technologies.

We offer these findings in the spirit of thoughtful conversation on the critical and often rapidly
changing interconnections between education and economic growth that are increasingly evident now
and will continue to emerge for the foreseeable future. We thank Horizon and the many teachers who
participated for their willingness to participate in this initial phase of project. It will take many more
people from various sectors and regions to engage in an ongoing conversation to strengthen the infusion
of critical technolagies into the learning enterprise - everyday! Planning is underway to begin
developing a cohesive response. We welcome all suggestions for next steps, new strategies and above
all your talent to help bring the excitement of discovery from the lab to young learners. -

Kentucky Science and Engineering Foundation
Kentucky Science and Technology Corporation

' The Kentucky Science and Engineering Foundation is supported by the Commonwealth of Kentucky under a
contract between the Council on Postsecondary Education and Kentucky Science and Technology Corporation.

© 2004 Kentucky Science and Technology Corporation Page 2



RESEARCH OVERVIEW AND IMPLICATIONS

In 2003, Kentucky Science and Technology Corporation retained Horizon Research
International to conduct an on-line survey among science teachers in public middle and high
schools across Kentucky. The study was designed to measure the awareness, familiarity, and
plans for curriculum integration of 25 scientific and technological concepts® that have been
identified as among the emerging areas of growth in the New Economy. In February 2004,
Horizon completed the survey.

ENVIRONMENTAL AND HUMAN HEALTH

BIOSCIENCES ENERGY TECHNOLOGIES AND DEVELOPMENT
Astrobiology - e —
Biomaterials Alternative Fuels Biodefense
Biotechnology Bioremediation Bioinformatics
Natural Products Fuel Cell Gene Therapy
Recombinant DNA Green Technology Genomics

A Proteomics

Stem Cells

INFORMATION TECHNOLOGY MATERIALS SCIENCE AND

AND COMMUNICATIONS

Artificial Intelligence

Algorithms Biopolymers
Data Mining Celestial Mining
E-business Nanotechnology
Intellectual Property Smart Materials
Quantum Computing

ADVANCED MANUFACTURING

These concepts were concentrated in five scientific and engineering focus areas targeted by
Kentucky which included: Biosciences, Human Health and Development, Environmental and
Energy Technologies, Information Technology and Communications, and Materials Science
and Advanced Manufacturing. Concept definitions as they were presented in the survey have
been included as an appendix to this report. o

2 Researchers, engineers, educators and business people participated in the selection of the sample of 25 scientific
- and engineering concepts.
© 2004 Kentucky Science and Technology Corporation Page 3



Overview of Findings

Responses gathered from 241 Kentucky teachers® highlighted current . N

ces . . . Concepts Being
realities regarding the penetration of these concepts in current Taught Most Often
curricula. Most notably, the results showed that only 53 percent of e
middle school teachers were currently teaching any of the concepts (t':;i“r“l')'e‘l‘lr):“'”
to their students. High school teachers, as might be expected, were Recommmfyl(um
further along, but there were still one in five who were not teaching EENIURIRE TG
any one of the concepts. As a whole, about three out of four science JESICUREZIE
teachers were teaching at least one of the 25 concepts.
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Traction Analysis

Although a discreet series of questions were asked in the survey to gauge awareness and
levels of understanding, the response to two specific questions surfaced as the best indicators
of not only the current environment, but also where potential may exist for next-step
strategies. Those two measures were:

e  Which concepts are you currently teaching?
e  Which concepts are you interested in learning more about?
To explore the relationship of these two measures, a quadrant analysis was created (see

Table A). The quadrants were defined by plotting the results of two key measures on
independent axes.

. TABLE A
For example, if a concept was currently
being taught by an above average Highest Levels Of
percentage of teachers and an above plassreom
average percentage of teachers were also pu—
interested in learning more about the
concept, then the concept would be "
plotted at point “A” in the upper right e A _
quadrant of Table A. Lowest Levels | )| Highest Levels
. Of | tin || 1| Ofinterestin
Learning More Learning More

Lowest Levels Of
Classroom
Interaction

3 The random sample of science teacher respondents was representative of middle and high schools, urban and rural
geographic locations, large and small student enrollments, and economic conditions evidenced by percent of
students receiving free and reduced lunches.
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By then evaluating each concept in terms of classroom penetration and interest, three
distinct categories emerged for classifying the concepts (see Table B).

TABLE B
Highest Levels Of
Classroom Interaction
Human Health And = T '
Development
“Traction” Concepts
Environmental And B
Energy Technologies Alternative Fuels
Information Technology Gene Therapy
And Communications E ratir sl Products
And Racombingn DA
Advanced Manufacturing I - StemCelis
Fuel Call
) Biowchnniony :
Lowest Levels Of Green Technology Highest Levels
| || Ofinterestin
Genomics Astrobiotogy Learning More
intellectual Properly Slomaterisls
Algorithms Biodefense
Bioremediation Biopolymers
Bioinformatics polym:
Data Mining - Nanotechnology
Quantum Computing Artificial intelligence
Proteomics Smart Materials
E-business Celestial Mining
“Tough selr CO@ “High Potentlal” c@
Lowest Levels Of
Classroom Interaction
- — ——

The categories are explained in further detail on the following pages for consnderatlon in
developing possible next step strategies.

When asked about their preference for receiving more information about these emerging
concepts and new technologles, the teachers acknowledged that their most preferred method
would be “using a Website.” “Written materials available by matl” was the second most
preferred channel for information distribution.

Teachers read and reference a wid'e variety of publications. As such, it will be important to
disseminate the new information using much broader strategies and not focus exclusively on

~ any one or two particular vehicles.

© 2004 Kentucky Science and Technology Corporation Page 5



“Traction” Concepts:

Higher Interest/Several

Currently Teaching

Alternative Fuels
Gene Therapy
Natural Products
Recombinant DNA
Stem Cells
Fuel Cells
Biotechnology
Green Technology

These concepts, relatively speaking, have the highest level of
current classroom integration. Teachers are also more
interested in learning about these concepts. Apparently
these topics are catching on with some teachers and have, in
some way, made their way into the classroom already. As a
result, teachers are interested in furthering their knowledge
base around these concepts so they can continue to expand
and integrate their applications in the classroom. These
concepts present the best opportunity for immediate success
since some teachers have already made the curriculum
connection and others have observed or know of their
success. As such, teachers have embraced these topics more

than others and have demonstrated an interest in taking them to another level.

“High Potential” Concepts:

Higher Interest/Few
Currently Teaching

Astrobiology
Biomaterials
Biodefense
Biopolymers
Nanotechnology
Artificial Intelligence
Smart Materials
Celestial Mining

“Tough Sell” Concepts:

Low Interest/Few
Currently Teaching

Genomics
Intellectual Property
Algorithms

Bioremediation
Bioinformatics
Data Mining
Quantum Computing
Proteomics
E-business
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This category is comprised of concepts that are of some
interest, but are not being integrated into the classroom.
Teachers are likely to see the immediate value in these
concepts and therefore integrate them into their curriculum.
However, they do not know enough about the concept
specifics to be comfortable in doing so. As a result, they are
interested in learning more - probably in the hopes of
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